Abstract The article presents preliminary data from a prospective investigation in a sample of healthy 14-17-year-old 
Introduction
Modification in sperm characteristics, including counting, motility and morphologic disturbances has been reported by several authors during the last decades. These changes have indeed been speculated to be associated to sex ratio and other reproductive changes also observed in several industrialized countries (Carlsen et al., 1992 (Carlsen et al., , 1993 Chia, 2000) .
An example of such link is the exposure to certain environmental chemicals as di-bromochloro-propane used as a pesticide, which revealed a direct effect on sperm counting, inducing oligospermia and even azoospermia in exposed workers (Goldsmith et al., 1997; Potashnik & Porath, 1995; Teitelbaum, 1999) . On a whole, the association between several environmentally-linked chemical exposures and a large spectrum of reproductive changes has raised the question if the observed changes show cause-effect relationships (Cooper & Kavlock, 1997; Irvine, 2000; Joffe, 2001; Lahdetie, 1995) .
Despite the interest triggered on this topic, research on the evaluation of sperm parameters during adolescence is relatively scarce, with some contributions on the effects of environmental exposures at this age group (Abell et al., 2000; Moorman et al., 2000; Slutsky et al., 1999) . However, considering the current scientific knowledge, there are no evidence fully supporting the statement that abnormal sperm parameters observed among adolescents are causally associated to environmental exposures, needing such a hypothesis to be further investigated.
Since 1998, we have been carrying out a prospective study and collecting clinical data and biological samples (sperm) among teenager students attending a technical high school in São Paulo. In this short communication, we present preliminary data on the sperm characteristics in a sample of healthy adolescents participating in the aforementioned study.
Methods
A prospective study has been carried out among male students 14-20 yr. old attending a technical high school in the State of São Paulo. A databank has been organized since 1999 with periodic physical examinations and sperm evaluations carried out with two seminal samples provided by voluntary student participants, whenever masturbation started being reported.
Students presenting systemic or endocrine diseases, genetic syndromes and genital birth defects, cryptorchidism, orchitis, scrotum surgery antecedents, or other genital diseases, such as varicocele grades 2 or 3, and sexually transmitted diseases, were not included in the current analysis. Personal data obtained by physical examination, including those relative to genital inspection (Tanner stage classification) were recorded by a personal questionnaire, and the testicular volume was measured by using Prader orchidometer.
Seminal evaluation was ascertained at the Human Reproduction Laboratory, Federal University of São Paulo for all samples provided by voluntary students between December 1998 and March 2001. We present data on either right or left testicular volume, Tanner index of sexual maturation, volume, motility, morphology according to Kruger criteria and sperm concentration from 127 students 14-17 yr. who reported an abstinence interval ranging from 3 to 5 days.
This study was approved by the Ethical Committee of the Federal University of São Paulo, and a signed agreement was obtained from all participants and respective parents.
Results
According to the Tanner index of sexual maturation , the studied sample included 96 Tanner stage 5 and 31 Tanner stage 4 adolescents, both groups displaying similar age means (15.8 yr. and standard deviations, respectively 0.6 and 0.7 yr.) and ethnicity distribution, respectively, 82.3 and 83.9% of whites. Pearson's correlation coefficient between right and left testicular volume among Tanner stage 5 adolescents was r = 0.94 (95%CI: 0.91-0.96) and determination coefficient r 2 = 0.88. Among Tanner stage 4, they were, respectively, r = 0.96 (95%CI: 0.92-0.98) and r 2 = 0.92.
Testicular and sperm parameters distribution in both groups are presented at Table 1 (preliminary analysis revealed that similar parameters were observed for the included students without varicocele and those presenting varicocele grade 1). Similar medians are observed for left and right testicular volumes within each Tanner stratum. Quite similar medians were also observed for sperm volumes and motility in the studied strata, respectively, 2.1ml and 63% among Tanner stage 5 group, versus 2.3ml and 62% in Tanner stage 4 adolescents.
Observed median sperm concentration was 40% higher in Tanner stage 5 strata (66.0 vs. 47.0 millions/ml in Tanner 4), likewise sperm counting, 121% higher in the former (150.0 vs. 67.8 million/ejaculate).
Abnormal sperm parameters in both groups are displayed at Table 2 , all of them presented in higher proportions among Tanner stage 4 comparatively to Tanner stage 5 adolescents: motility lower than 50% was seen, respectively in 25.8% vs. 17.7%; concentration lower than 20 millions/ml, 29.0% vs. 22.9%; altered morphologic scale (lower than 14%), 93.6% vs. 81.9%. All these differences were statistically no significant, except the distribution of morphologic scale lower than 4% (29.0% among Tanner stage 4 and 12.8% in Tanner stage 5, p < 0.05). Azoospermia was observed in 3 students (1.8%), and lower than 1.0 in 8 students (4.8%).
Discussion
Sperm parameter evaluation among adolescents is usually complex since spermatogenesis is starting, and changes on sperm characteristics at this age can be transitory. Moreover, many adolescents have not started masturbation, and any analysis on those who did it may not be representative of the male adolescent universe. However, observed changes on sperm parameters need to be followed since they may implicate on future fertility disturbances.
The analysis of the Tanner index of sexual maturation based on the physical characteristics (testis volume, penis size according to scrotum size, pubic hair distribution) revealed that the large majority of participants were classed as adults (stages 4 and 5) and only 3% displayed a childhood degree, whose data are not presented.
The studied sample is composed, so far, by healthy individuals, being excluded all those with any pathologic antecedents, including varicocele grades 2 or 3 and sexually transmitted diseases; in addition, all of them have also reported abstinence during 3 to 5 days before sperm collection. Both restrain conditions strengthen data comparability, limiting misinterpretation introduced by related causes of abnormalities on the distribution of sperm parameters. Moreover, varicocele grade 1 is not currently envisaged as a pathological condition, just gathering scientific interest whether it could precede further development of pathological grades 2 and 3.
From a morphologic point of view, the highly observed correlation between both testis volume (r = 0.94 among Tanner stage 5 and r = 0.96 among Tanner stage 4 students) can be consid-ered indicative of individual testicular equivalence, and so far, expected anatomical equivalence. On the other hand, the statistically significant differences observed on the mean testicular volumes between Tanner Observed testicular volume mean among Tanner stage 5 healthy adolescents in São Paulo (19.8ml, 95%CI: 11.2-28.4) was comparable with data from Dutch adolescents with varicocele (mean 20.9ml, 95%CI: 18.5-23.4; Haans et al., 1991) , and lower than those observed among Dutch adolescents without varicocele (Laven et al., 1992) , who showed a mean of 24.5ml (95%CI: 22.7-26.4).
As a whole, the average sperm parameters observed with the studied sample (Table 1) are in agreement with the literature. Nevertheless, the distribution of some abnormality indica- tors such as the sperm count lower than 20 millions/ml, the frequency of motile cells lower than 50% and the percentage of abnormal cells higher than 60% (Krause, 1993) need to be highlighted, since the observed distribution in the São Paulo sample was higher than expected in a regular evaluation of healthy adolescents. The majority of participants (just one smoker reported) presented sperm morphological changes (82% among Tanner stage 5), 13% of them several ones (Table 2) . Comparatively, in a survey carried out in Italy among 25 healthy adolescents 14-18 yr. (Paris et al., 1998) , the observed prevalence of atypical spermatozoids was 58.5% (p = 0.01). Kruger classification stratifies sperm morphology (Figueiredo et al., 1996) Nevertheless, a discrepancy between World Health Organization guidelines and Kruger criteria to evaluate sperm morphology remains (Davis & Gravance, 1994) , mainly involving the latter's ability in overestimating teratozoospermic individuals. Hence, the observed results according to sperm morphologic distribution in the São Paulo sample (29.0% among Tanner stage 4 and 12.8% among Tanner stage 5 students) may just reflect the used methodological approach.
A marked difference on the distribution of sperm production was observed between Tanner stages 5 and 4 students, with a median sperm counting of 150 millions/ejaculate in the former vs. 67.8 millions/ejaculate in the latter. Moreover, in the analyzed sample of São Paulo students, 7.3% of Tanner stage 5 and 12.9% of Tanner stage 4 showed results indicating severe oligospermia (concentration lower than 5 millions/ml) and 1.8% azoospermia. From a clinical approach, both conditions indicate the search of genetic alterations, taking into account that micro deletion at Y chromosome may be associated.
Mumps antecedents were obtained by interview, but taking into account the relatively low proportion of severe testis disturbances during childhood, it seems improbable to explain the large proportion of observed severe changes. The same could be said according to other explanations such as varicocele, or sexually transmitted diseases distribution in this sample -both excluded conditions -, and silent urinary infections. Therefore, the search of other environmental exposures should be investigated. Selevan et al. (2000) compared sperm parameters from 18 yr. adolescents living in two areas presenting different levels of air pollution in the Czech Republic. The authors observed that both samples presented similar counting, but differences on sperm concentration. In the Czech polluted area, a sperm counting of 113.3 millions (150.0 millions/ejaculate among Tanner stage 5 students in Sao Paulo, also an air polluted area in Brazil) and sperm concentration of 61.2 millions/ml (66.0 in Sao Paulo) were observed.
The studied participants in this investigation used to attend classes at a technical high school during variable time periods no longer than two years, in which they have been, as students, probably exposed in some degree to certain chemicals (chemistry classes) and to non-ionizing radiation (computing classes). Therefore, at least two main questions to be answered in the future arise from the observed results, both related to the sperm parameters alterations which were presented in this study. The first addresses the reasons for the observed sperm changes, and if they could result from: transient modifications inherent to the starting reproductive age, in which such sperm parameters will perhaps further normalize following reproductive maturity; environmental exposures in a broad sense, such as those consequent to air pollution, chemicals and others affecting the general population as a whole in the municipality of São Paulo; or those related to a more specific environment such as the technical school set in which participants were recruited.
The second one addresses the external validity of the these results, i.e., whether the observed sperm changes are representative of current distribution of sperm parameters in the universe of São Paulo adolescents.
Both questions remain unanswered, and future research aims to target the scope of possible involved environmental exposures associated to such observations.
Conclusions
This study on sperm parameters from a sample of 14-17 yr. healthy students in São Paulo, Brazil, revealed that Tanner stage 5 adolescents, comparatively to those classified as Tanner stage 4, presented higher median distributions for testicular volume (20.0ml vs. 15.0ml), sperm concentration (66.0 vs. 47.0 millions/ml) and sperm counting (150.0 vs. 67.8 millions/ejaculate). Oligospermia (sperm concentration lower than 5 millions/ml) was seen in 7.3% of Tanner stage 5 students (12.9% of Tanner stage 4), while azoospermia was observed in 3 of the whole students sample (1.8%).
